INTRODUCTION
============

Nonalcoholic fatty liver disease (NAFLD) includes a wide spectrum of liver damage ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), advanced fibrosis and hepatic cancer and is the most commonly encountered chronic liver disease.[@B1] One study reported the prevalence of NAFLD in Korea as 18% among adults,[@B2] and the prevalence is increasing due to high fat and high calorie diets, ageing of the population, lack of physical exercise, change in life style, and/or increased obesity.[@B3] Recently, it was reported that quite a number of people who received health screening tests were found to have NAFLD.

NAFLD is considered to be a hepatic component of metabolic syndrome (MetS).[@B4],[@B5] It is associated with obesity, dyslipidemia, and type 2 diabetes,[@B6]-[@B8] and increased level of serum fatty acid, and it also predicts the clustering of risk factors for cardiovascular disease.[@B9]-[@B11]

More and more studies have reported that the presence of NAFLD plays a role as an independent risk factor for other systemic metabolic diseases. Also, another study has suggested that NAFLD is associated with insulin resistance, independent of obesity.[@B12] Numerous studies have reported that the presence of NAFLD independently exacerbates associated systemic metabolic disease.

We retrospectively reviewed cases diagnosed with NAFLD over a period of 5 years to determine the effects of NAFLD on the development of type 2 diabetes and metabolic parameters.

MATERIALS AND METHODS
=====================

1. Subjects
-----------

Among the 10,950 male subjects who participated in the health screening program at the Health Promotion Center in Kangbuk Samsung Hospital in 2005, we excluded subjects with a history of drinking 20 g or more alcohol per day (n=1,755), diabetes (n=437), chronic liver diseases such as viral hepatitis B (based on serology test or history) (n=558), viral hepatitis C (n=17) or liver cirrhosis (n=8), those with missing data (n=1,409) and those who had any one of the components of MetS according to the ATP III criteria[@B13] (n=7,861). As a consequence, the initial cohort comprised 1,558 participants who were followed-up every 2 years until 2009.

The ultrasonography performed in 2005 identified 196 subjects with NAFLD and 1,362 subjects with non-NAFLD. Among these subjects, 107 showed sustained NAFLD both in 2007 and 2009 based on ultrasonography findings (sustained NAFLD, FL), and 1,054 subjects were found to be non-NAFLD on the two consecutive biennial ultrasounds (sustained non-NAFLD, NFL) ([Fig. 1](#F1){ref-type="fig"}).

This study was approved by the Institutional Review Board at Kangbuk Samsung Hospital. The informed consent requirement for this study was exempted by the Institutional Review Board because researchers only accessed the database for analysis purposes, not to obtain personal information.

2. Medical evaluation
---------------------

All subjects underwent a questionnaire survey, interview, history taking, blood sampling and ultrasonography a total of three times biennially from 2005 to 2009 at the Health Promotion Center in Kangbuk Samsung Hospital.

3. Interview
------------

A questionnaire survey and interview were completed for all subjects to determine the current history of diabetes or hypertension, past medical history, alcohol intake, smoking status, and family history.

Height and body weight were measured (FA-94H; Fanics, Seoul, Korea) with the patient in a light gown with feet bare. The measured height and weight were recorded to the nearest 0.1 cm and 0.1 kg, respectively. The body mass index (BMI) index was calculated as body weight divided by squared height in meters (kg/m^2^).

4. Laboratory assessments
-------------------------

A blood sample was taken from the antecubital vein after a minimum of 12 hours fasting, and serum glucose, uric acid, lipid profile (total cholesterol, triglyceride \[TG\], high-density lipoprotein cholesterol \[HDL-C\], low-density lipoprotein cholesterol \[LDL-C\]), HbA1c, and insulin levels were measured.

The fasting glucose level was measured using the hexokinase method, and the fasting serum insulin level was measured with an immune-radiometric assay (BioSource, Nivelles, Belgium). The intra- and inter-assay coefficients of variation were 2.1% to 4.5% and 4.7% to 12.2%, respectively.

Serum total cholesterol and TG were measured with an enzymatic calorimetric test. HDL-C was measured with a selective inhibin test, and LDL-C was measured with a homogenous enzymatic calorimetric test (Advia 1650 Autoanalyzer; Byer Diagnostics, Leverkusen, Germany).

Homeostatic model assessment insulin resistance (HOMA-IR) was used as the index of insulin resistance based on the following formula:

HOMA-IR=(fasting serum insulin \[µIU/mL\]×fasting serum glucose \[mmol/L\]/22.5).

5. Definitions
--------------

The metabolic components used to define MetS include abdominal obesity (\>102 cm), hypertension (blood pressure ≥130/85 mm Hg), high TG (TG ≥150 mg/dL), glycemia (fasting blood sugar \[FBS\] ≥100 mg/dL), low HDL (HDL-C \<40 mg/dL) and presence of any of at least three components. However, in our study, we replaced abdominal obesity with BMI (BMI ≥25 kg/m^2^) because abdominal circumference was not measured.

Type 2 diabetes was defined by the presence of one of two criteria: HbA1c ≥6.5% or FBS level 126 mg/dL, following the American Diabetes Association guideline 2010,[@B14] in which the level of HbA1c was newly added as a criterion for type 2 diabetes.

Abdominal ultrasonography (ASPEN; Acuson, Malvern, PA, USA) was performed with a 3.5 MHz probe by one of three radiologists to evaluate the presence of hepatic steatosis in all subjects. The diagnosis of fatty liver was made based on the following criteria: a diffuse hyper-echoic echotexture, hepatorenal echo contrast in reference to the cortex of the right kidney, vascular blurring and deep-echo attenuation. When making the diagnosis of NAFLD, the result of the liver function test was not taken into consideration.[@B15]

6. Statistical analyses
-----------------------

We used IBM SPSS version 19.0 statistics package (IBM, New York, NY, USA) to analyze the data. The Student\'s t-test was used for comparison. Odds ratios (ORs) and 95% confidence interval (CI) were calculated using univariable logistic regression, multivariable logistic regression, and multinomial logistic regression. A p-value less than 0.05 was considered statistically significant.

RESULTS
=======

Among those who showed consistent results of either FL or NFL on three consecutive ultrasounds in 2005, 2007, and 2009, we compared the demographic and biochemical parameters at baseline in 2005 and after 5 years in 2009 between the FL (n=107) and NFL (n=1,054) groups. At baseline, the FL group showed a higher average BMI, higher levels of fasting glucose, insulin and uric acid, and a worse lipid profile (higher levels of total cholesterol, TG and LDL-C but lower HDL-C) than did the NFL group at baseline. These tendencies still remained after 5 years when the same parameters were compared between those two groups. In addition to these findings, the FL group at year 5 showed a higher HbA1c level, systolic blood pressure, and diastolic blood pressure ([Table 1](#T1){ref-type="table"}).

We examined the impacts of FL and NFL on HbA1c level. [Fig. 2](#F2){ref-type="fig"} shows the comparisons of HbA1c level between the FL and NFL groups in years 2005, 2007, and 2009 after adjusting for age and BMI. The HbA1c level was significantly different depending on the NAFLD status at each time point (p\<0.001 for time, p\<0.05 for FL status). The HbA1c level increased in the FL group with time.

To assess the impact of NAFLD on the development of type 2 diabetes and MetS, we compared HOMA-IR indices and the incidences (adjusted for age and BMI) of impaired fasting glucose (IFG) and type 2 diabetes during 2005 and 2009. The FL group was large in number of cases with high HOMA-IR (≥2.6) and a higher number of new cases of IFG and type 2 diabetes during the 5-year follow-up than did the NFL group (32.7% vs 17.6%, 1.9% vs 0.3%, and 17.9% vs 5.2%, respectively; p\<0.05).

In addition, the FL group, when compared with the NFL group, showed significantly higher ORs for parameters related to abnormal glucose metabolism; IFG 2.13 (95% CI, 1.36 to 3.35), type 2 diabetes 7.63 (95% CI, 1.03 to 56.79), and HOMA-IR 3.25 (95% CI, 1.79 to 5.91) ([Table 2](#T2){ref-type="table"}).

Other metabolic parameters that also showed significantly higher ORs included BMI (3.35; 95% CI, 1.87 to 6.02), TG level (3.05; 95% CI, 1.92 to 4.86) and FBS level (2.18; 95% CI, 1.39 to 3.41), whereas the ORs for HDL-C level (2.15; 95% CI, 0.88 to 5.3), incidence of hypertension (1.15; 95% CI, 0.61 to 2.16) and incidence of MetS (1.42; 95% CI, 0.45 to 4.51) were not statistically significant ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

In this study, we observed that the subjects with FL for at least 5 years had a higher risk of developing type 2 diabetes and worsened metabolic parameters compared to those of subjects with NFL. Although both groups showed changes in metabolic parameters with time, the differences were more apparent in the FL group. At baseline, no male subjects met the criteria for MetS in either group; however, after 5 years of follow-up, there were more subjects with obesity and dyslipidemia in the FL group than there were in the NFL group. Also, the FL group showed a higher HOMA-IR, HbA1c level and higher risk for developing type 2 diabetes. These findings imply that the sustained presence of NAFLD has an impact on the development of insulin resistance and diabetes. Therefore, NAFLD might not merely be the hepatic manifestation of MetS, but may also directly promote the occurrence and development of metabolic problems.[@B16]-[@B18] NAFLD is an insulin-resistant state, and subjects with NAFLD should be screened regularly for metabolic disorders.[@B17],[@B19],[@B20]

Around 90% of NAFLD patients had at least one component of MetS, and around 33% of patients met the criteria for MetS.[@B7] In addition, MetS increased the risk of development of NAFLD.[@B21]

Insulin resistance and hyperinsulinemia are the two of major players in the pathogenesis of NAFLD.[@B8] The degree of insulin resistance is positively associated with the progression of intrahepatic fibrosis, whereas a decrease in insulin resistance with weight control, exercise or medication produced improvements in NAFLD.[@B22]-[@B24] Several studies performed in animals and humans showed that insulin resistance has an important role in the development of NAFLD.[@B3],[@B25],[@B26]

The incidence of MetS was higher in the group with NAFLD compared to that in the group without NAFLD, which implies that the presence of NAFLD contributes to the development of systemic insulin resistance or might be an early manifestation of systemic insulin resistance. This implication is in line with suggestions from several previous clinical and experimental studies.[@B16],[@B17],[@B27],[@B28]

Type 2 diabetes is closely related to both the development and progression of NAFLD. In addition to type 2 diabetes, pre-diabetic conditions (such as impaired glucose tolerance, or IFG) were also associated with NAFLD, and a family history of type 2 diabetes increased the risk of developing NAFLD.[@B8]

Cohort studies that followed patients with NAFLD for 5 to 8 years found that the risks for type 2 diabetes, pre-diabetes, hyperlipidemia, and hypertension increased, independent of obesity or factors that can affect metabolic disease.[@B17],[@B29],[@B30] The present study found similar results except for the association between hypertension and MetS. This is probably because the 5-year follow-up period was not sufficient to observe the significant difference in the incidences of hypertension and MetS.

These findings suggest that we need to consider NAFLD as a potential early predictor of MetS.[@B31] Follow-up studies are needed to better understand the clinical significance of our findings.

In this study, the diagnosis of NAFLD was made using ultrasonography rather than invasive liver biopsy. This is one of the limitations of this study in that ultrasonography is less sensitive to detecting a fatty liver with low fat accumulation and can also suffer from inter-observer variation.[@B15] In addition, an ultrasound cannot assess the degrees of hepatic inflammation or fibrosis, so we could not differentiate NASH. This study only followed male subjects for 5 years, so the findings of this study cannot be applied to women.

Despite these limitations, we found that NAFLD is clearly associated with the development of type 2 diabetes and metabolic disorders. In particular, the findings of this study suggest that the presence of NAFLD may be a strong predictor for the development of type 2 diabetes.

The fact that NAFLD is closely related to obesity, dyslipidemia, insulin resistance, type 2 diabetes, and glucose metabolism calls for the recognition of NAFLD as a systemic metabolic disease rather that just as a hepatic manifestation of metabolic disease.

To better understand the pathogenesis of NAFLD and its causal relationship with insulin resistance, type 2 diabetes and metabolic disease, prospective and long-term follow-up studies are required.
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###### 

Clinical, Laboratory, and Metabolic Data for Sustained NAFLD (FL) and Sustained Non-NAFLD (NFL) Patients at Baseline and 5 Years
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Data are presented as mean±SD or medians (interquartile ranges) for skewed variables and the number of patients and prevalence for categorical variables. The differences were assessed using the t-test for continuous variables.

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FB, fasting blood; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR, homeostasis model assessment insulin resistance.

^\*^HOMA-IR ≥2.6.
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Multivariate Relationship between Glucose Metabolism and Nonalcoholic Fatty Liver Disease (NAFLD) during the 5-Year Follow-Up
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Chi-square test or Fisher\'s exact test. Univariate logistic regression, multivariate logistic regression, multinomial logistic regression analysis. Adjusted for body mass index and age.

OR, odds ratio; CI, confidence interval; IFG, impaired fasting glucose; HOMA-IR, homeostasis model assessment insulin resistance.

^\*^IFG, impaired fasting glucose (100-126 mg/dL); ^†^HOMA-IR ≥2.6.

###### 

Multivariate Relationships between the Metabolic Parameters and Nonalcoholic Fatty Liver Disease (NAFLD) during the 5-Year Follow-Up
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Chi-square test or Fisher\'s exact test. Univariate logistic regression, multivariate logistic regression. Adjusted for age.

OR, odds ratio; CI, confidence interval; BMI, body mass index; FBS, fasting blood sugar; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension.
